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configuration, andfbs^Ta^coKhanJe P '° ™* * dWKe ° r simi,ar test means 

state of S?.^? """*' faci,e M method f <" determining ion concentration^ ^wuW JfiS^nhSS the 

Background of the Invention 
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t°^ nS 8re "f^ U, j n 8 test for determining the presence phenols. 
Definitions 

nonp^u'S^ST^S^^SX SiSSf? ta »"*»» » *• »»» »' ««• Thus s 
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3. A "reporter substance" is a compound which is capable of Interacting with an ionophore/ion 
complex to produce a color change or other detectable response. Thus, a reporter substance can be one 
which is relatively colorless in the non-ionized state, but which colours when in the presence of a complex 
of an lonophore and an ion. The compound of the present invention is such a substance, i.e., it produces 

s color or change in light reflectance in the presence of such a complex. 

4. By "interacting" is meant any coaction between a reporter substance and an ionophore/ion complex 
which leads to a detectable response. An example of the reporter substance interacting with the complex is 
in the case where the reporter is changed by the complex from a colorless to a colored state, such as in the 
case of a-methyM-O'^'-dichlorophen-A'-oneJ-indonaphth-l-ol. 

10 5. The term "detectable response" is meant herein as a change or in occurrence of a parameter in a test 
means system which is capable of being perceived, either by direct observation or instrumentally, and 
which is a function of the presence of a specific ion in an aqueous test sample. 

6. The term "lower alkyi", as used in the present disclosure includes an alkyi moiety, substituted or 
unsubstituted, containing about 1 — 4 carbon atoms. Included in the meaning of lower alkyi are methyl, 

ib ethyl, n-propyl, isopropyl, n-butyl, sec-butyl and te/f-butyl. These may be unsubstituted, or they may be 
substituted provided any such substituents not interfere with the operation or functioning of the presently 
claimed test means or device in its capability to detect ions. "Lower alkylidene" is used in the same context 
as "lower alkyi"/ but designates an alkylene group (i.e., a divalent alkyi) having 1—4 carbon atoms. Thus, 
lower alkylidene includes Methylene, ethylidene, n-propylidene, iso-propylidene, /7-butylidene, sec- 

20 butylidene and tert-butylidene. 

7. By "pseudohalogen" is meant atoms or groups of atoms which, when attached to an unsaturated or 
aromatic ring system, affect the eiectrophilicity or nucleophilicity of the ring system, and/or have an ability 
to distribute an electrical charge through derealization or resonance, in a fashion similar to the halogens. 
Thus, whereas halogen signifies Group VII atoms such as F, CI, and I, pseudohaiogens embrace such 

25 moieties as — CN, — SCN, — OCN, — N 3 , —COR, — COOR, — CONHR, — CF 3 , — CCI 3 , — N0 3 , — S0 2 — CF 3 , 
— S0 2 CH 3 , and — S0 2 C 6 H 4 CH 3 , in which R is alkyi or aryl. 

Summary of the Invention 

The present invention resides in the discovery of a novel compound which has been found useful as a 
30 reporter substance, or indicator, in a test for the presence of a specific ion or group of ions in an aqueous 
test sample. The compound is one having the structure 
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in which R is lower alkyi and X is a halogen such as F, CI, Br or I, or X is a pseudohalogen. In preferred 
so embodiments, R is methyl and/or X is CI, 

In addition to the novel compound, the present invention also comprises a process for preparing it 
Basically, the process involves the reaction between a 2,6-dihaloquinone-4-haloimide and N-[2'-(lower 
alkyl)-1'-naphthyl]-aminoalkanol. The former compound has the structure 
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in which X is as defined above. The N-naphthylamino-alkanol has the structure. 
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SSSXJSSJSL^' - " comBOun< ' °" — • 

Preparation of the Compound of the Present Invention 

tJSS^2S!il^? ins ^ bil ^ °[ impound (II) it is preferable to use a nonaqueous solution in 
^'f* 1 ' «»>• Acetone has been found particularly suited forthis step, but of course other solvente 

f£m«v «,T T™ 8 3 " • alC °^ ,S misht *> m Patible. Such a determination is easHy S the 

ability of the routineer, given the present disclosure. 

femSS^HH- 18 pre . f ® rred i? combine stoichiometrically equal amounts of (II) and (III) as solutions to 
t E2£ i °" miXtUre ' ^ 8 pH ° f the first mixture is then ad i usted t0 at 'east about 8 using a sufofa e 
to )Ts 2LdT hfA 8600 ^ d rSa ^°? miXt , Ure - Preferab,y an aqueous buffer < pH in the rangeVabout 8 
ZmSZS^ ? S bee " ,«° U " d that good resu,ts are obtained with 8 100 mM aqueous solution of 3- 
(cyclohexylamino)propanesulfonic acid which has been adjusted to pH 10 with LiOH * 0,u,,on 0T * 

mM ~3fiJ^f^I^ a , ti0n ° f t U 9 8eC0 " d reacti0n mixture ' the product «» ls recovered by any suitable 
(I), i.e., the deprotonated form which is soluble in water, is rendered insoluble through addition of acidic 
hyrogen ions. Thus addition of 1N HCI with rapid stirring causes precipitation of Kd the owtoitete is 
about H ^ Centrifu 9 ation - ldea "V ^e second reaction mixture is acidified to . pK 

Further purification can be effected by disolving the precipitate in a suitable solvent, such as acetone 

40 Use of Compound (I) 

m M IS™ Tn~"r d? ° f the Pr6Sent '"y 8 ^ 0 " find USB 38 reporter substances, or indicators, in a system for 
S matnx ^ ™ -° r 9r °^ S k SUCh 3 Sy3tem prises. In addition to (I), an ionophS and a 
carrier matnx. The carrier matrix has incorporated within it the ionophore. compound (I) either beina 

s present in the test sample, it can complex with the ionophore, and theformation of such complex causea 
(I) to change color. Typically a blue color is formed. complex causes 

J." a .? refe . rred use ' **** 'enopnore and (I) are incorporated with the carrier matrix in such a wav as to be 

rfiKSSdfiSS TT 0 " t6 f S r P ' e - examp,e ' the »onopho« and (I) can barken up in 
a solution of vinyl chlonde/vmylidene chloride copolymer in a suitable solvent and cast as a film n « , 
polyester substrate film. Despite the hydrophobic^ of such a film, the Ion unde analysis can penetrate ft 
by completing with the ionophore. Such penetration is to the exclusion of other test SpS wmSonlSs 

ion US™ 9 !? * e mecha " ism of the color formation is not known, it may well be due to the formation of an 

STmZS «, S h°" h a ^ StrUCtUre Capable 0f absorbin 9 »S ht at certain wavelengths. It is probable thi 
Compound (I) exhibits tautomerism, in accordance with wwame mat 
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In the presence of a charged ion/ionophore complex, through a mechanism not thoroughly 
understood, it is theorized that the tautomer could lose a hydroxyl proton to become a resonating ion in 
accordance with 
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such a resonant structure theory is a plausible explanation for the geeneration of blue color observed when 
a film containing valinomycin and (I) is contacted with aqueous potassium. 

40 

Examples 

A series of experiments was conducted whereby a unique synthesis procedure was utilized in 
preparing the novel compound (I). Following its preparation, (I) was then tested as to its utility as a reporter 
substance in a test means and device for measuring ions in solution. The preparative procedures utilized, 
45 as well as the evaluation are described in the following examples. 

7.1 Preparation of 2-Methyl-4-(3',5'-dichlorophen-4'-one)indonaphth-1-ol 

The captioned compound (hereinafter, MEDPIN) was prepared in accordance with the following 
procedure. 

so Equimolar amounts of 2,6-dichloroquinone-4-chloroimide (DQCI) and N-[V-(2'-methyl)naphthyl]- 
aminoethanol (MeNAE) were mixed in acetone to a conentration of 100 mM of each solute. A brown 
solution resulted. 

To a one mL (milliliter) portion of this solution, was added 6 mL of 100 mM CAPS buffer (pH = 10). 
CAPS buffer is an aqueous solution of 3-(cyclohexylamino)propanesulfonic acid titrated to pH 10 with LiOH. 
55 The resulting solution was red in color. 

1N HCI was added dropwise to the red solution with efficient mixing until the pH dropped to about 2.6. 
The solution became turbid rapidly, a brick-red precipitate forming. Care was taken not to allow the pH 
below about 1.9 to avoid product decomposition. 

The mixture was then centrifuged, the precipitate dried at RT under nitrogen, and redissolved in 3 mL 
60 acetone. After standing in a refrigerator at 4°C for 30 minutes, the liquid was passed onto a silica gel column 
and eluted with a 1 :4 mixture of ethyl acetate and toluene. A reddish brown band formed in the column. 

Thin layer chromatography of the product on a silica gel plate eluted by a 1 :4 solution of ethyl acetate 
and toluene gave a single spot at Rf 0.76. 

The fractions containing the product were pooled, and the solvent removed under vacuum in a rotary 
65 evaporator. The purified product can be stored as a dried powder or in acetone at 0°C. 
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7.2 Characterization of the Product of 7.1 

eliciHtesiru«ure P9nm8ntS ^ undertaken t0 characterize the compound isolated in example 7.1, and to 

« of t^S^TZ al S:^^ Pattem 9t 331 ' 333 8nd 335 - Such 3 ^ * ^tive 
D w e „THS. analVSiS 9376 6VidenCe ° f an empirical formu,a of C,rH„N0 2 CI 2 in accordance with the ■ 
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following data: 

• Found 
• Calculated 

A molecular weight of 332 was deduced from mass spectroscopy. 
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%H 


%N 


%0 


%CI 


61.79 


3.76 


3.98 


9.50 


20.69 


61.45 


3.31 


4.22 


9.64 


21.39 



w ^ •••www *psv,uuoi-upy. 

a HHi£ T " uc,ear , m u a 9 n8 t |C resonance (nmr) spectra showed the presence of seven groups of protons in 
h 6n Zw 0S 1 ° f the 7,16 m0St Upfle,d signal of * e SDectrum is du « to ™*V protons sp£ by 

20 qU ^ tet ' 18 a «. nbutab,e 8 proton at the 3- position of a naphthalene ring, split by three 

ZS,„cTr ™ a rema ' n,n S signals further downfield are due to four protons on the 5-, 6-, 7- and 8- 
Staim naphthalene nn 9- '"teractions among these signals give .rise to this complex ABCD-type 

7 i h^J^ilf l f th6S f *^ m "« B l are » in meir sum total, strong evidence that the product of example 
7.1 has the structure of compound (I) in which R is methyl and X is CI. ^' 

25 

7.3 Use of Compound (I) in Detecting Potassium 

A solution was prepared containing 6.7 mg/mL valinomycin and 1.67 mg/mL MEDPIN in o- 
SW°? y, K et ^ r w A K bUf 5^ 3 elati " «»"tion was prepared using 3.13 g Type I gSn (Stoma 
Chemical Co.) wh.ch had been dialyzed at 10«C to remove ionic impurities/and 20 8 g of dionized water To 

S Htt nSJlfSl ° f ? bU u 6 ; p r epared . b V a di«sting 1 M TrLa base (Sigma cfemKo Jto P H S 
witn HCL (Baker) and then to pH 5 with acetic acid (Baker). 

pi„ J? 8 ?r i" d 3 el . at,n solutions were mixed and placed in a 12-37 mL mini sample containerfor a Warina 
Blender (Rsher Scientific) and blended for 2 minutes at high speed. «™ a .nerTor a waring 

fiimt^!! 0 ^!?^? minuteS 31 4500 for bubbles t0 rise ' tha emulsion was spread onto a polyester 
SteTeK Sv i a n-a been h 10 9e,atin 140 GAB 2S - 3M Co ->- ™° film was spread to a 

o^To? £1 ?"IL* ° mCheS ' # J 5 Mayer Rod ' RDS Co " Webstar N - Y -> ™ e mm was air dried, then 
tanJ iK ^ ^ e ^ e , re , mo " nted ont0 P 0| y 8t y r ene film support handles using double-faced adhesive 
tape (Double Stock, 3M Co.) to form test devices. 

Th 0 I eS ^ Sam * le f Were P re P ared J conta!r 'In9 0, 0.2, 0.6. 0.6, 0.8 and 1.1 mM KCI, 100 mM tris-CI pH 8.5. 
These concentrations correspond to those found in serum diluted ninefold. A 30 pL (microliter) sample 
drop was placed on the reagent portion of a test device and incubated at 37'C in a SerSzer®^es 

£='ce^ 
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0.2048 
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1.4945 
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5.3038 
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8.4158 
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The data shows a linear correlation between K + concentration and (K/S) 2 . 
(K/S) 2 is defined as 



(1-R) 4 

60 (K/S) 2 = 

4R 2 
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The above data shows that potassium concentration corresponds linearly to (K/S) 2 ). Moreover, the data 
shows that various concentrations can be accurately measured. 

Claims 

1. A novel compound having the structure 



70 



is 
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in which R is lower alkyl and X is halogen or pseudohalogen. 

2. A compound according to claim 1, characterized in that R is methyl. 
25 3. A compound according to claim 1 or 2, characterized in that X is CI. 

4. A process for preparing the compound of claim 1, the process comprising the steps of combining 
a compound having the structure 
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in which X is a halogen or pseudohalogen, and a compound having the structure 
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so 



55 



in which R is lower alkyl and A is lower alkylidene, to produce a first reaction mixture; 

adjusting the pH of the first reaction mixture to at least about 8 to produce a second reaction mixture; 

and 

recovering the compound of claim 1 or its salt from the second reaction mixture. 

5. The process of claim 4 in which the steps of recovering comprises adjusting the pH to the range of 
about 2—4. 

6. The process of claim 4 in which the step of combining comprises combining 2,5-dichloroquinone-4- 
chloroimide and N-[1M2'-methyl)naphthyl)aminoethanol and the compound of claim 1 is 2-methyl-4-(3',5'- 
dichlorophen-4'-one) indonaphth-1-ol. 
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Patentanspruche 

1. Neue Verbindung der Struktur 
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20 ,„ weicher R I N.edngalkyl und X Halogen oder Pseudohalogen bedeuten. 

3 XS ^un 9 9em - SS ^ SpfUCh 1 ' dadurch geten^efchnet. dass R Methyl 1st 
3. Verbindung gemass Anspruch 1 oder 2, dadurch gekennzeichnet dass X rn«t 

„ JLF*™ 2Uf Herate,,U " 9 d8r V " bi " d ^ - A AnT^rberdas'^erfahren die Stufen 
» Vereinigen einer Verbindung der Struktur 



30 



35 



40 



45 




in weicher X ein Halogen oder Pseudohalogen bedeutet, und einer Verbindung der Struktur 



A-OH 
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LSsg^LhT i9a,ky ' A "<*er Ausbl.dung eines ersten 

ReaSZ"sch er VerbindU " 9 AnSpmCh 1 oder eines Sa '«* ^on aus dem zweiten 

D'chforo^ Vereinigen von 2.5- 

gemass Anspruch 1 2-Methy.Wdi^ Und die *««"*•"■ 
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Revendicatlons 

1. Nouveau compost r^pondant a la formula structurale: 

OH 
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dans laquelle R repr6sente un groupe alkyle inferieur et X represents un halogene ou un pseudohalogene. 

2. Compose selon la revendication 1, caract6rise en ce que R est un groupe methyle. 

3. Compos«§ selon la revendication 1 ou 2, caractensd en ce que X repr^sente CI. 

4. Procede de preparation du compose selon la revendication 1, ce proc6d6 comprenant les 6tapes qui 
consistent a: 

combiner un compose repondant a la formula structurale: 





35 dans laquelle X repnSsente un halogene ou un pseudohalogene, avec un compost repondant a la formule 
structurale: 



40 



A-OH 



45 

dans laquelle R reprSsente un groupe alkyle inferieur et A represente un groupe alkylidftne inferieur, en vue 

so r * a ^ l jJ^ | compose selon la revendication 1 ou son sel du i second I melange ^Mlionnel. 

5. Proc6de selon la revendication 4, dans lequel I'etape de recuperation consiste a regler le pH dans 

'"TprSc^ 4, dans lequel I'etape de combinalson ^^J^^ 2 *: 
55 dichloroquinone-4-chIoroimide et le N>l1^(2^methyl)naphtyllamlnoethanol f le compose selon la 
revendication 1 6tant le 2-m6^ - - 
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